The spectral noise characteristic and relative intensity noise of an all-fibre Sagnac interferometer consisting of pump source, a WDM, a piece of Er-doped fibre, a fibre Bragg grating (FBG), an optical circulator and a 50/50 coupler, were studied over a 75C-degree range. At the probing end, a high-birefringence piece of fibre and a Peltier were employed for temperature variation. Spectral and temperature response of the noise reduction due to temperature variation was performed remotely using an Arduino micro-controller and a DS18B20 digital sensor and fed into a local area network. Optical and thermal characterization of the system has also been undertaken.
cal arrays have different optical components and these arrays were characterized optically as they are inserted into the system. Characterization results on amplified spontaneous emission (ASE) noise of the separate components were investigated. Due to harsh weather conditions in our labs, remote temperature characterization through a local area network (LAN), is very important as the user could be located far from the experiment and in this way, the birefringent fibre temperature can still be known. The proposed LAN works under a client-server architecture in order to reduce the time employed for users during the component and system characterization of temperature.
Experiments

Characterization of Optical Arrays
The first optical array (seen in Figure 1 ) was the main setup for temperature characterization. It consists of an Erbium-doped fiber amplifier (EDFA), an optical circulator for measuring the reflected and transmitted power, and a Sagnac interferometer (SI). A QFBGLD980-250 laser at 980 nm with 51 mA of threshold, a WDM with ≤0.3 dB of insertion loss, 0.22 of numerical aperture (NA), an Erbium doped fibre with a 980 and 1480 nm pump wavelength and 1530 -1610 emission on C and L bands and a FBG at 1548.4 nm conform the EDFA. The optical circulator was used to propagate the light on the clockwise direction. Finally, the SI was built with a 50/50 coupler with 21.6 dB/0.4 dB of insertion loss, ±40 nm of bandwidth, a Hi-Bi SHB1500 optical fibre used for the thermal sensor with a 0.13 -0.16 NA, a Peltier board used to increase the temperature of the Hi-Bi fibre.
The main purpose of this optical array is to study the operation of each component with respect to their data sheets via spectral characterization with an optical spectrum analyser (OSA). The main optical array is shown in Figure 1 . [6] . Finally, the reflection signal reaches ports two and three of the WDM and then it reaches the SI.
The next spectral characterization will include the EDFA with an optical circulator, as shown in Figure 3 . The optical circulator is a component that propagates the light only in one direction so it is used to avoid light reflection from the optical fibre. Port number 2 is employed for measuring transmitted power, and port number three for reflected power. The setup that includes a Sagnac interferometer is shown in Figure 4 . It consists of a 50/50 coupler that has two input ports and two output ports. In port number one the input power is produced by the EDFA and the 50/50 coupler sends 50% to port three and 50% to port four. Signal from port three is propagated in the clockwise direction and the signal from port four is propagated in the anti-clockwise direction. The signal power is propagated into the 0.22 m high birefringence fibre (HI-BI). Finally, the signal power arrives to the 50/50
coupler and reflected power can be measured at port number one. The EDFA generates ASE noise that is measured at port number two, since it is an effect that is always generated when a pump of 980 nm is applied to an Erbium doped fibre [7] [8]. The photons that enter it are absorbed and create a transition from ground level to the excited level. Moreover, since the lifetime of photons in the excited level is around one μs and the metastable level of its lifetime is about 10 ms, there is a significant difference between the two lifetimes, and the electrons return from excited level to metastable level after one μs, but light is not emitted.
On the contrary, as the metastable level has a longer lifetime; if the pump signal is constant, population inversion is produced, and energy is stored between the metastable energy level and the ground level. When this energy relaxes, it produces both signal amplification at 1550 nm via stimulated emission and spontaneous emission [9] [10]. This ASE level is amplified, producing the ASE noise, as sketched in Figure 2 . Furthermore, in order to remove the ASE noise, the SI optical array was setup as explained above.
Results on Figure 3 show that all wavelengths from 1500 to 1600 nm have been propagated from port 1 to port 2. By comparison from Figure 9 to Figure   10 , one can note that power levels at 1530 nm are very similar in both, but power is slightly higher at 1548.4 nm, at the same current in the pump. One explanation is that power at this wavelength is reflected a few times by the Bragg grating, ASE noise can be reduced through an SI, which at first indicates the need for temperature characterization of the aforementioned SI. As shown in Figure 4 , a piece of Hi-Bi fiber spliced between port 3 and 4 of the SI for temperature modulation purposes using a Peltier.
Characterization with Respect to Temperature
The optical array presented in Figure 1 shows characteristics that affect the transmission power via ASE noise. This generates relatively high losses. In order to reduce most of the noise generated by the EDFA and in order to increase the transmission power, the optimization of optical array was done first, this process was also called "signal amplification at 1550 nm and ASE noise reduction" and then a temperature study of Sagnac interferometer, was included. At the output port of the coupler, the array was reduced to two splices and the Hi-Bi fibre was reduced to 16cm to eliminate most ASE noise, this length of Hi-Bi fibre is calculated using the following equation [11] [12]:
where: ( )
where: Δλ = Transmittance period, in nm. Equation (2) was used to calculate the transmitted power period, as shown in Equation (3): 
The second step relies on the controlled temperature for the SI, in order to reduce most of the ASE noise, for this reason it is necessary to characterize the temperature in the SI, when temperature control is added to Hi-Bi fibre it changes its characteristics for contracting or dilating [13] [14] . A Peltier plate was employed for changing the fibre temperature characteristics. A variable voltage source is inserted into the plate for applying hot and cold periods into the Hi-Bi fibre. The ASE noise reduction occurs when the signal to be filtered is introduced into the SI, which delivers precisely a filtered signal at a certain wavelength and rejects other signals at different wavelengths. In Figure 5 the improved optical array is shown, with the Peltier plate and the voltage source.
Temperature Measurement
The SI with a DS18B20 temperature sensor and an Arduino MEGA2560 plaque inside a LAN is observed in Figure 6 . In order to induce temperature cycles to the Hi-Bi fibre, a Peltier plaque and a voltage source were employed. These temperature changes are transmitted to the DS18B20 temperature sensor, which was then connected to the Arduino MEGA2560 and a server. The temperature data are displayed in the computer screen by the user. Then, these data are sent to the computer, where the user does the measuring inside the LAN via remote access. Therefore, it is not necessary for the user to be physically in the optical array in order to characterize the temperature. In order to do perform the remote measurement of temperature in an SI via LAN, the schematic shown in Figure 7 was employed.
First, the connectivity between the client and server inside the LAN of UNACAR is verified. If there is not connectivity, then the characterization of temperature from a remote form will not be done. In order to check the connection inside of LAN, a set of data packets were sent via internet protocol (IP) inside the LAN.
In order to secure the client-server connection and for taking the temperature measurement, the following devices were used: two computers (the first working as a client and the second as a server) the optical array called "signal amplification at 1550 nm and ASE noise reduction", an DS18B20 digital temperature Figure 6 . Schematic of remote LAN connection for temperature measurement. rization in a friendly screen. Sublime text2 was also used to make or edit a web page, this was used in order to make an advanced search engine, for temperature characterization data. Arduino 1.6.5 was also employed as an interface to programme the controlled board with the temperature sensor. In order to connect the DS18B20 temperature sensor to the Arduino board, a PCB circuit had to be built for the sensor to work. The Arduino sensor shown in Figure 8 , and the print circuit sensor design are explained.
In order to allow the user to characterize the temperature data, Java-based app was created. The temperature data are saved in database created for this purpose.
An advanced search engine based on HTML5, PHP programming language, and MySQL database server are employed for visualization of results. Finally, LAN-based remote measurements within UNACAR campus were performed along with final tests and verification procedures.
Print Circuit Sensor Design
In order to perform the temperature measurement in the Hi-Bi fibre within de and a DS18B20 sensor. The circuit can be connected to up to six temperature sensors, the circuit sensor connection is presented in Figure 9 . Afterwards, the circuit was designed into the Printed Circuit Board (PCB). This PCB is shown in Figure 10 and Figure 11 . This circuit plaque is called "Temperature Shield".
As it can be seen in Figure 9 , up to 6 temperature sensors could be connected, although only 2 were employed in this experiment. The driver works as an intermediate connection between the Arduino controller and the temperature Figure 9 . Electronic circuit for connect the DS18B20 temperature sensor to Arduino MEGA2560. Figure 10 below, on which the sensors are connected under the labels "sensor 1" and "sensor 2".
An example of the temperature measurement in the Arduino display using the temperature shield and sensors are shown in the result section.
Results
In brief, our results include: 1) EDFA ASE noise at the reflected power mea- Figure 13 and Figure 14 show the ASE noise and power spectrum characterization with and optical circulator added to the EDFA. It should be noted that it is possible to obtain higher power transmission from 10 mA to 200 mA at port number 2. Also, the power reflection was lower, thus reducing the loss of power due to reflection in the optical array.
The general optical array is shown in Figure 15 and Figure 16 . Figure 15 shows the characterization of the optical array with the transmitted signal at a minimum power of −35.62 dBm, a minimum power of 27.4 μW and a pump power of 30 mA, also at a maximum power of 1.93 dBm, a maximum power of 1.56 mW and a pump power of 200 mA.
As it can be seen in Figure 14 , very low power is reflected from port 2 of the Figure 11 . PCB of the temperature shield.
A. Sierra-Calderon et al. Figure   15 and Figure 16 are compared, the reflection power is higher than the transmitted power.
We will now show the results of the optical array after it was characterized and after the temperature was applied. Such characterization was made in the output port two of the transmitted power of SI at room temperature, with power ranges from 70 mA to 100 mA and with a voltage from 1 V to 10 V. Also, the characterization is made at the output port three of the optical circulator for characterizing the reflected power at room temperature and with same power and voltage ranges.
By comparing Figure 15 and Figure 16 , one can note that the IS reflected power in Figure 16 , does not show the noticeable valleys of Figure 15 .
In Figures 17-19 the characterization shows the transmitted power in the output port number two of the SI. Figure 17 shows that for a shorter Hi-Bi fiber a wider separation in between valleys is obtained from the spectral characterization (see Equation (1)). Therefore, there are fewer valleys in the range between 1500 and 1600 nm, in comparison with Figure 15 . It can also be observed that the maximum transmitted power is reached around 1548.4 nm with an observed minimum power value at 1530 nm, where the ASE noise level is maximum.
The highest power in the system was obtained with a pump power of 100 mA and 8 V at 87.4˚C, as it is shown in Figure 20 . Also, in this investigation the hardware and software of a system was implemented to work with detection, measurement, storage and remote acquisition of the variable temperature in a Hi-Bi fibre of an SI into the optical array. In order to make the detection and measurement of the variable temperature into the SI, it was needed to use different approaches and platform for its programming.
This investigation can be continued by removing most of the ASE noise in the EDFA, which is possible by changing the length of erbium doped fibre and parameters used in the SI. Also changing the temperature heating or cooling in the SI to find the taller valley in order to have more power and less ASE noise in the transmission, is desirable. The measurement of the system is possible by adding more sensors and editing the code. This system can work in different applications because it can be used on different surfaces.
